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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, Kwan Joo KO, a citizen of the Republic of China, 
residing at #407-101 Geumgang Maeul Apt., Jung 4-dong, Wonmi-gu, Bucheon-si, 
Gyeonggi-do, 420-729, Korea have invented new and useful METHODS OF 
FORMING QUANTUM DOTS IN SEMICONDUCTOR DEVICES, of which the 
following is a specification. 
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METHODS OF FORMING QUANTUM DOTS IN SEMICONDUCTOR DEVICES 

TECHNICAL FIELD 

[0001] The present disclosure relates to semiconductor devices and, more 
particularly, to methods of forming quantum dots in semiconductor devices. 

BACKGROUND 

[0002] Semiconductor devices are developing rapidly due to the fast spread of 
information through media such as computers. Semiconductor devices are 
functionally required not only to operate with high speed, but also to have mass 
storage capacity. To meet these requirements, fabrication technology of 
semiconductor devices is developing to enhance integration, reliability, and response 
speed of semiconductor devices. 

[0003] In case of Dynamic Random Access Memory (DRAM), 64 gigabyte (GB) 
DRAM with design rule of about 70 nanometers (nm) and 1 terabyte (TB) DRAM 
with design rule of about 35nm will be developed by around the years of 2008 and 
2014, respectively. 

[0004] However, the 64 GB DRAM or 1 TB DRAM is not easy to fabricate using 
conventional methods such as optical lithography or chemical vapor deposition. 
Therefore, research for new fabrication methods are in progress. 

[0005] A new technology using an electron beam or X-ray is being developed to 
replace the conventional photolithography technology. In addition, an atomic layer 
deposition method is being developed to replace the conventional methods for 
forming layers. Furthermore, research on semiconductor devices having quantum 
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dots with sizes on the order of nanometers, which is applicable to a single-electron 
gate, are also in progress. 

[0006] Examples of the semiconductor device with quantum dots and fabrication 
methods thereof are disclosed in U.S. Patent 5,731,598 to Kado et al.; U.S. Patent 
6,060,743 to Sugiyama et al.; U.S. Patent 6,090,666 to Ueda et al.; and U.S. Patent 
No. 6, 1 1 8,686 to Taira et al. 

[0007] The fabrication method of quantum dots in development may be 
represented by a method using a Focused Ion Beam (FIB) or electron beam that 
forms a quantum dot by inserting more than one ion or one electron in a desired 
location using the FIB or electron beam. Using the FIB method, it is favorable to 
control the size and the location of formation of a quantum dot. One significant 
drawback to the FIB method is that the method has the limitation in commercial use 
because of low productivity. 

[0008] U.S. Patent No. 5,73 1,598 to Kado et al. discloses a single-electron tunnel 
device. To fabricate a single-electron device of a multiple junction structure 
operating at room temperature, metal and semiconductor clusters of several tens of 
nanometers are deposited to form causally quantum dots of several tens of 
nanometers. However, due to the casual formation of the multiple junction structure, 
size of a device cannot be reduced and efficiency of the fabrication is decreased 
consequently. 

[0009] U.S. Patent No. 6,090,666 to Ueda et al. discloses a method of forming 
crystal nuclei. In such a method, an amorphous thin layer is formed and a thermal 
processing is then performed for the thin layer to form a mono crystal. 
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Subsequently, the mono crystal is formed as a quantum dot. The method is more 
favorable in view of productivity than the method taught by Kado et al., but has 
difficulty in controlling the size and the distribution of the quantum dots. 

[0010] To fabricate a nano-device with a quantum dot, it is important to form the 
quantum dot with a crystal feature of single crystal level to form a fine and uniform 
quantum dot. 

[0011] Consequently, a new method for forming a quantum dot, which can control 
the size and the distribution of the quantum dot easily and can also be employed 
commercially, is required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Fig. 1 illustrates concept of a semiconductor device having a quantum dot. 

[0013] Fig. 2 is a scheme for movement of electrons existing in a channel in 
writing. 

[0014] Figs. 3a through 3f illustrate, in cross-sectional views, the results of various 
processes of an example method of forming quantum dots. 

DETAILED DESCRIPTION 

[0015] As disclosed herein, an example method is used to form quantum dots in a 
semiconductor device. The example method of forming quantum dots in a 
semiconductor device results in fine and uniform quantum dots of several tens of 
nanometers using metal nano-clusters. 

[0016] One example method of forming quantum dots in a semiconductor device 
includes adsorbing metal clusters on a silicon substrate by controlling density 
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thereof, growing silicon by heating the substrate on which the metal clusters are 
adsorbed, and removing the metal clusters. The example method may further include 
forming a silicon oxide layer on the substrate and depositing polysilicon on the oxide 
layer and patterning the polysilicon and the oxide layer. 

[0017] In particular, referring to Fig. 3a, metal clusters 1 1 with predetermined 
distribution of size are adsorbed on the substrate 10 by controlling the density of the 
metal clusters. According to one example, precious metal such as gold, silver, or 
transition metals are used for the metal clusters. In one example, the size of the 
metal clusters is between about 5 and 50 nm. 

[0018] There are several methods that may be used to form metallic nano-clusters. 
For example, forming a nano-cluster by thermal processing after deposition on the 
surface and adsorbing a metal cluster of uniform size on the surface, wherein the 
surface of the metal cluster is in an inactivated state owing to organic ligands. 

[0019] Referring to Fig. 3b, if silicon is grown by Chemical Vapor Deposition 
(CVD) at the same time by heating the substrate on which the metal cluster is 
adsorbed, a silicon chemical gas comes in contact with the metal cluster and silicon 
melts selectively. Then, the silicon condenses and grows only between the metal 
cluster and the silicon substrate and nano-line of the silicon is formed vertically on 
the surface. At this time, the metal cluster is used as a catalyst for the melt, 
condensation, and growth of the silicon. 

[0020] Fig. 3c is a cross-sectional view of the results of a process in which the 
metal clusters are removed from the silicon formed on the surface. The metal cluster 
can be removed by wet etching or dry etching. 
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[0021] Fig. 3d is a cross-sectional view of the results of a process in which a 
silicon oxide layer 13 is formed. The silicon oxide layer may be formed by a thermal 
oxidation method using oxygen (0 2 ) gas or nitrous oxide (NO) gas at a temperature 
between about 800 and 1000 °C. 

[0022] The oxide layer made by the above thermal oxidation method is used as a 
tunneling oxide layer. A quantum dot of a single crystal 14 can be created by the 
thermal oxidation as in Fig. 3d because the silicon grows simultaneously towards the 
upside and the downside of the surface of the silicon. 

[0023] As a form of an island positioned in the channel like Fig. 1, the quantum 
dot stores an electron or causes F-N tunneling of an electron through the channel 
with the control gate when a current moves from the source to the drain. 

[0024] Referring to Fig. 2, electrons existing on the channel are stored in the 
quantum dot by jumping the energy barrier on writing and Coulomb blockade occurs 
after writing. 

[0025] Fig. 3e illustrates a cross-sectional view of the results of a process in which 
polysilicon 1 5 is deposited. The polysilicon is deposited on the substrate with the 
oxide layer formed thereon and is used as a control gate. 

[0026] Fig. 3f illustrates a cross-sectional view of the results of a process in which 
the polysilicon and the oxide layers are etched. As the polysilicon is etched 
according to channel length and the oxide layer is sequentially removed, a quantum 
dot transistor is formed. 
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[0027] Thus, the disclosed method for forming quantum dots in a semiconductor 
device forms fine and uniform quantum dots of several tens of nanometers regularly 
through the use of metal nano-clusters. 

[0028] Although certain example methods are disclosed herein, the scope of 
coverage of this patent is not limited thereto. On the contrary, this patent covers 
every apparatus, method and article of manufacture fairly falling within the scope of 
the appended claims either literally or under the doctrine of equivalents. 
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